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FOREWORD

This report describes work conducted within the Air Force Aero Propulsion
Laboratory, Power Division, Power Systems Branch (POP-i), Wright-Patterson
Air Force Base, Ohio. The work was accomplished under Project 3145, "Aero-
space Power," Task 314501, "Dynamic Energy Conversion for Aerospace," Work
Units 31450127, "Auxiliary Power Unit Simulation," and 31450142, "Computer
Simulation of Auxiliary Power Systems," between July 1974 and November 1979.

This report was submitted by the author, lit Daniel J. Gurecki, in
November 1979. Previous project engineers were Capt John G. Grelck, and
Richard E. Quigley. Final project engineer is ILt Daniel J. Gurecki.
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SECTION I

INTRODUCTION

The typical Auxiliary Power Unit (APU) is a small gas turbine, independent

of the main engine, which supplies shaft horsepower and compressed air to start

the main engine and run accessories as needed in the aircraft. APU designs are

typically single-spool or single-spool with power turbine. The need for high

power density in a confined space necessitates use of both axial and centrifugal

designs in the compressors and turbines. Presently there exists a need to

analyze APU's and aerodynamic torque converter configurations in AFAPL.

This report serves to document the previous modifications to the SMOTE

program which have resulted in the APUCODE program. APUCODE simplifies the

SMOTE program to analyze the basic single-spool gas generator while incorporating

options peculiar to APU's. At present, APUCODE analyses only design-point

conditions. In addition, numerous changes have been made to make input and

output pages more readable.

This report is a user's manual for design-point APUCODE. It includes

complete Fortran listing of the code and sample data cases. The code has been

programmed in a straightforward manner for simplicity and ease of modification.

Comment cards describe the major subdivisions of the main subroutine, APU, and

flowcharts aid the understanding of the program logic.

W
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SECTION II

PROGRAM DESCRIPTION

1. APU IN GENERAL

APU is the main program subroutine in APUCODE. It controls the use of

subroutines, sequences the logic of the calculations, and prints the output.

The program logic follows the gas path through the APU from inlet to exhaust.

Thermodynamic properties of the flow are computed at the inlet or exit of each

component. Typical computing stations are shown in Figure 1 and defined in

Table 1. Calculations are assumed to be adiabatic. The properties at down-

stream computing stations are calculated from mass-averaged upstream quantities,

and the change in those quantities due to addition or extraction of shaft work

and flow.

2. SEQUENCE OF OPERATIONS IN APU

a. Inlet and Compressors

After printing the INPUT page, inlet conditions are computed from 1962

standard atmosphere. Inlet duct pressure loss is used to compute the total

pressure at the compressor inlet. Throughout the program, at each computing

station, subroutine THERMO provides calculation of gas properties. Work for the

low and high pressure compressors is computed from input pressure ratios, effi-

ciencies, and losses. If only one compressor exists, it will be computed as the

High Pressure Compressor (HPC).

b. Bleed Flows from the High Pressure Compressor

Bleed flows for turbine cooling and accessory power are subtracted from

the HPC inlet flow. The HPC bleed flow can be split into turbine inlet nozzle

cooling, High Pressure Turbine (HPT) cooling, and Low Pressure Turbine (LPT)

cooling. The remainder is bleed air which is lost from the APU flow and used

to power the APU fuel pump, oil pump and other accessories. Each bleed flow is

accounted for as a fraction of the HPC inlet flow and listed in the program output.

Losses in the bleed ducting are used to arrive at the thermodynamic properties

of the bleed flow when it enters the main flow to serve as turbine cooling air.

c. Combustor

The combustor calculates the properties at combustor exit of a mixture
of air and standard JP-4 fuel. The combustor exit temperature, T4, must be input.
Fuel flow and fuel heating value are optional and will be calculated if not

specified. The combustor calculation iterates to a final exit temperature using

2
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TABLE 1

COMPUTING STATION DESCRIPTION

STATION NUMBER

1 ambient conditions

2 low pressure compressor inlet

21 low pressure compressor discharge

22 high pressure compressor inlet

3 high pressure compressor discharge/burner inlet

4 main combustor discharge

41 high pressure turbine inlet plus inlet nozzle
cooling

5 high pressure turbine discharge before cooling
flow has been added

51 low pressure turbine inlet plus HPT cooling

52 low pressure turbine discharge before cooling
flow has been added

53 low pressure turbine discharge including LPT cooling

6 exhaust duct exit

4



the Air Force Quadratic Interpolation Routine (AFQUIR). If the calculation fails

to converge, a message is printed to that effect.
d. Turbines

There are three choices for the turbine configuration, see Figure 2: 1) a

one-stage turbine, 2) a two-stage turbine, or 3) a one-stage turbine followed by

a free turbine. The program makes two passes during each case: the first employs

the pressure ratios and efficiencies as input to calculate the shaft work extracted

from the APU; the second pass calculates the turbine pressure ratios necessary to

provide the design APU shaft horsepower. At the end of the first pass, the output

page is printed and control is transferred back to the combustor calculation.

With compressors unchanged, the program continues on the second pass, and prints

the output for the second pass.

(1) Turbine Overexpansion

If, on the first pass, the last turbine lowers the turbine exit pressure

to less than atmospheric, an error is printed indicating overexpansion and the

turbine exit pressure is set equal to atmospheric. Then, on the second pass,

pressure ratio in the last turbine is recomputed based on expansion to atmospheric

turbine exit pressure.

(2) Turbine Cooling

Before output is printed, cooling air modifies the first turbine

inlet nozzles and each turbine exit. It is assumed that the cooling air injected

into the turbine flow does no useful work, thus cooling air is added to the flow

computation after the appropriate turbine exit station. It is then assumed to

mix completely with the main flow and thus perform useful work in the downstreamA tubine(3) Exit Velocity
Flow velocity is computed at the last turbine exit based on the

change in enthalpy from turbine exit to ambient conditions. Thrust and SFC are

computed from this velocity. On the first pass, when turbine overexpansion occurs,

this enthalpy change will be negative; hence, the exit velocity calculation will

be invalid. This velocity and all values dependent on it will be printed out as

(4) Peculiarities in the Case of One Turbine Followed by a Power Turbine

Because the power turbine rotates a shaft separate from the compressor-

turbine shaft, the power turbine requires special attention. The power derived

from the main turbine must be exactly equal to the power required by the compressors

5



1 STAGE COMPRESSOR 1 STAGE TURBINE CONFIGURATION

2 STAGE COMPRESSOR 2 STAGE TURBINE CONFIGURATION

LPC HPC B HPT PT

£I

2 STAGE COMPRESSOR 1 STAGE TURBINE WITH POWER TURBINE
CONFIGURATION

Figure 2 - Possible APU Configurations
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and the accessories. Thus, on the first pass, if the input main turbine pressure

ratio results in this requirement not being satisfied, the correct pressure ratio

of the main turbine is calculated. For this reason, the first pass output

pressure ratio for the main turbine may not be that which was input.

Continuing in the first pass, the power turbine work is calculated

from the input pressure ratio and printed out. In the second pass, the main

turbine is unchanged, and the power turbine pressure ratio is recalculated to

provide the design shaft horsepower.

3. QUADRATIC INTERPOLATION ROUTINE

Throughout the program there are many small loops (for example, thermodynamic

iterations and table lookup) which require convergence. Trial-and-error methods

and linear interpolations can be time-consuming, especially when a tight tolerance

is necessary; therefore, a general interpolation routine called AFQUIR was

developed.

a. Variables

This routine requires a dummy array dimensioned for nine locations. The

other input variables are the independent and the dependent variables, the answer

or value which the dependent variable is to converge upon, the number of tries

at convergence, the tolerance, and a variable called DIR.

b. The DIR

The DIR is either set or calculated in the calling program. It is an

initial guess at the direction and percentage change applied to the first value

of the independent variable. If not enough is known to calculate a DIR, an

j arbitrary value may be set. This should not affect the final result but may

increase the number of tries at convergence.

c. The Logic

The DIR, thus, establishes the second value of the independent variable.

This value is used in the calling program to determine a corresponding second

value of the dependent variable. AFQUIR is called a second time with these two

sets of values. A linear interpolation results in a third value of the independent

variable. AFQUIR is then called a third time with all three pairs of independent

and dependent variables and a quadratic interpolation is made. The values of these

three pairs of variables are stored in the dummy array and, henceforth, quadratic

interpolations are made using the three sets which give values closest to the

answer. Values farthest from the answer are lost.

7
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d. Safeguards

Various safeguards are built into AFQUIR which either return the

interpolation method to the initial guess or linear interpolation if the roots

of the quadratic become complex. Complex roots are encountered if the quadratic

does not intercept the answer, if the value of the independent variable differs

radically from previous values, or if two pairs of independent and dependent

variables are identical. It is also possible to preload the dummy array and to

start directly at the linear or quadratic interpolations if desired.

e. Summary

In summary, AFQUIR is a completely flexible routine which performs

quadratic interpolation for quick convergence of general functions. (SMOTE manual,

reference no. 1, pages 11 and 12).

4. THERMODYNAMIC PROPERTIES SUBROUTINES

a. THERMO and PROCOM

Two subroutines are used to calculate thermodynamic properties of the

flow at each computing station. They are PROCOM, which calculates gas properties

for either air or fuel-air mixture, and THERMO, which calls PROCOM and calculates

more complex properties. These subroutines are fairly simple and are listed with

the rest of the code in Appendix B.

b. Use

The use of PROCOM is straightforward, but THERMO may be used in several

ways. If pressure and enthalpy are input, total temperature is calculated. If

pressure and temperature are supplied, enthalpy is calculated. Fuel-to-air ratio

may also be input and taken into account in the property computations. These

options are set by the programmer and are not available as options to the user

from the input deck.

8
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SECTION III

INPUT DESCRIPTION

1. GENERAL

Subroutine APU is the main subroutine of APUCODE. Its logic is straightforward

and is described at major subdivisions by comment cards. At the beginning of

the code listing, the comment cards list brief descriptions of the program

variables. The complete set of input variables need not be input for any one

case. Variables not input are set equal to their default values as listed in

Section 111.6. Those parameters which are input override the default values.

2. CARD FORMAT

All of the data cards must start in Column 2 or beyond. To start a data case,

punch $INPUT in Columns 2-7 then skip a space and continue by punching the input

parameter names, followed by an "equals" sign and the appropriate numerical value.

Values can be input up to column 72 inclusively. There is no limit to the number

of cards in a data case. Finish the data case by punching a $-sign immediately

following the last value in that data case. The program executes the data case

and returns to read the next case. The program will use values from the preceding

point unless specifically changed in the data case that follows. See example A,

Setup of APUCODE Deck, in Appendix A. To terminate a string of data cases, the

last data case should be: $INPUT IEND = 1$.

3. TITLE CARD
If specified, a title will be printed at the top of each case. To read a

title card, set ITITLE = 1 in the NAMELIST data to which the title applies. The

program then reads Columns 1-66 of the first card following that data case as the

title. Since the program automatically sets ITITLE = 0 after a title has been

read, ITITLE has to be set = 1 only when a new title is desired.

4. ESTIMATES FOR ONE CASE

To compile (CP time) = 7.2 sec.

Input/Output time (10) = 23 sec.

Line Estimate = 255 lines per case, or 3 computer pages

5. SUBROUTINE DESCRIPTION AND PROGRAMMER OPTIONS

a. ATMOS (ALTP, Tl, Pl) - Computes temperature and pressure of the 1962

U. S. standard atmosphere up to 90 kilometers.

b. PROCOM (FAR, TI, CS, AKEX, CP, R, PHI, H) - Calculates thermodynamic

gas properties for either air, or a fuel-air mixture based on JP-4.

9



c. THERMO (P, H, T, SOUT, AM, CP, GA, L, FAR, _) - Calculates thermodynamic

conditions based on PROCOM. If K=l, P, FAR, and H are input; if K=O, T, FAR,

and P are input.

d. COMB (PIN, T4, HIN, ETAB, DPB, POUT, HOUT, SOUT, FAR, HV) - Computes

stoichiometric temperature in combustor if heating value for fuel and fuel flow

are not input.

e. COMB2 (PIN, T4, HIN, ETAB, DPB, POUT, HOUT, SOUT, FAR, Jy - Similar to

COMB. Used when fuel heating value is not input but fuel flow is input.

f. AFQUIR (X, AIND, DEPEND, ANS, AJ, TOL, DIR, ANEW, ICON) - General quadratic

interpolation routine. All parameters explained in computer listing, see AppendixB.

NOTE: Parameters which are input to the subroutine are underlined.

6. INPUT DESCRIPTION

The following list describes all possible input parameters and, in parenthesis,

their default values if they are omitted:

ALTP - ALTITUDE IN FEET (0.0)

DELTAMB - CHANGE IN AMBIENT TEMPERATURE FROM 1962 ATMOSPHERE (0.0)

DELPAMB - CHANGE IN AMBIENT PRESSURE FROM 1962 PRESSURE (0.0)

DPBLEED - BLEED DUCT PRESSURE LOSS (0.0)

DPB - MAIN COMBUSTOR PRESSURE LOSS (P3-P4)/P3 (0.0)

DPC - INTERCOMPRESSOR PRESSURE LOSS (P22L-P22)/P22L (0.0)

DPD - INLET DUCT PRESSURE LOSS (0.0)

DPT - INTERTURBINE PRESSURE LOSS (P5-P51)/P5 (0.0)

ETALPC - LP COMPRESSOR EFFICIENCY (1.0)

ETAHPC - HP COMPRESSOR EFFICIENCY (1.0)

ETAB - MAIN COMBUSTION EFFICIENCY (1.0)

ETAHPT - HP TURBINE EFFICIENCY (1.0)

ELALPT - LP TURBINE EFFICIENCY (1.0)

ETAM - MECHANICAL EFFICIENCY (1.0)

* HV - MAIN COMBUSTOR FUEL HEATING VALUE AT T4 FOR JP-4

(Optional. If omitted, it is calculated by the combustor

calculation.)

HPDS - DESIGN SHAFT POWER (0.0)

HCSL - HPC SEAL LEAKAGE/HPC FLOW (0.0)

IEND - 0 A DATA CASE FOLLOWS

1 THIS IS THE LAST CASE (0)

10



ITITLE - 0 NO TITLE CARD WILL BE INPUT

1 TITLE CARD FOLLOWS THE DATA CASE (0)

LCSL - LPC SEAL LEAKAGE/LPC FLOW (0.0)

M - NUMBER OF TURBINE STAGES (no default)

= 1, ONE TURBINE APU DESCRIBED BY HPC INPUT

= 2, TWO TURBINE APU

= 4, ONE TURBINE DESCRIBED BY THE HPT INPUT AND ONE

POWER TURBINE DESCRIBED BY LPT INPUT

N - NUMBER OF COMPRESSOR STAGES (no default)

= 1, ONE COMPRESSOR STAGE DESCRIBED BY HPC INPUT

= 2, TWO COMPRESSOR STAGES

PRES - A MULTIPLIER ON PRESSURE VALUES FOR OUTPUT (1.0)

= 14.7, PRESSURES ARE IN PSI

= 1.0, PRESSURES ARE IN ATMOSPHERES

* PRHPT - HP TURBINE PRESSURE RATIO (1.0)

* PRLPT - LP TURBINE PRESSURE RATIO (1.0)

PCBLT4 - HP TURBINE INLET NOZZLE COOLING FLOW/HP COMPRESSOR INLET FLOW (0.0)

PCBLHP - HP TURBINE EXIT COOLING FLOW/HP COMPRESSOR INLET FLOW (0.0)

PCBLLP - LP TURBINE EXIT COOLING FLOW/HP COMPRESSOR INLET FLOW (0.0)

PRLPC - LP COMPRESSOR PRESSURE RATIO (1.0)

PRHPC - HP COMPRESSOR PRESSURE RATIO (1.0)
* T4 - COMBUSTOR DISCHARGE TEMPERATURE (DEGREE RANKINE) (must be input,

no default)

WAENG - TOTAL ENGINE INLET AIRFLOW (1.0)

WF4DS - DESIGN FUEL FLOW (LB/HR) (if omitted,it will be calculated in

combustor calculations)

The program recalculates those parameters preceded by an asterisk. For this reason,

they must be input for each case if the user desires to keep them the same for each

case.

i : 11



SECTION IV

OUTPUT DESCRIPTION

1. REGULAR OUTPUT

Output for the three typical APU configurations are presented in Example

Cases A, B, and C of the Appendix A. All descriptors on the printed output

are designed to be self-explanatory.

a. Two Compressor - One Turbine APU

Example A shows an APU with two compressor stages and one turbine

stage. Fuel flow and heating value are input. Pass 1 output shows that

using the input parameters, the shaft horsepower obtained exceeds the desired

design shaft horsepower. Pass 2 recalculates the pressure ratio of the turbine

to satisfy the design shaft horsepower.

b. Two Turbine APU

If two turbine stages had been used, the program would have recomputed

both HPT and LPT pressure ratios to obtain the design horsepower by preserving

the work-split in the turbines as it was in Pass 1.

c. Example B

Example B illustrates the calculation of fuel heating value when fuel

flow is input.

d. Power Turbine APU

Example C exhibits a power turbine configuration with fuel heating

value input and fuel flow calculated. The input HPT pressure ratio was deficient

so HPT pressure ratio was recalculated on Pass 1. With the input power turbine

pressure ratio, overexpansion occurred. Exit velocity and its dependent param-

eters were computed as being indefinite errors and printed as "I." Pass 2

remedied the problem by recalculating power turbine pressure ratio to achieve

design shaft horsepower.

2. DIAGNOSTICS

Input errors will be indicated for each component when parameters are not

logical. For compressors and turbines, execution stops when an input pressure

ratio is less than 1.0 or an efficiency is greater than 1.0. For-the combustor,

execution stops when input combustor exit temperature or fuel flow is equal

to or less than zero, or when combustor efficiency is greater than 1.0.

12
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a. PROCOM Diagnostics

Subroutine PROCO4 generates diagnostics in four cases: 1) when fuel-

air ratio is above 0.067623, 2) fuel-air ratio is below zero, 3) the temperature

input to PROCOM is below 300*R, or 4) the temperature input to PROCO is above

40000R.

b. THERMO Diagnostics

Subroutine THERMO halts execution after 15 iterations, if the value of

enthalpy is not within a tolerance of 0.001 percent of the previous enthalpy

guess.

c. Combustor Diagnostics

Subroutine COMB and COMB2 both print a message indicating lack of

convergence of stoichiometric temperature. This message is a direct result of

failure in subroutine AFQUIR. If after 15 iterations the solution to the

quadratic equation for stoichiometric temperature has not been found, execution

stops.

13
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APPENDIX A
EXAMPLE CASES

INPUT CARDS FOR EXAM4PLE CASE A

$INPUT ALTP=O. * DELTAMB=71., PRES=14.696, WAENG=Z .485346, ETAB- .995,
DPC=.O1, PRLPC=1 .794, PRHPC=6. 0, LCSLoO.0, HCSL=.02, ETALPC= .78, DPB=.07,
ETALPT=.870, T4=2559.67, DPT=0.O, M-2, N=2, WrF4DS=0., ETAHPC-.746,
HPACC=g*5, PRLPT=9.418, HPDS=200., IV-18400., ITITLE=1, DPIN=.04,
ETAM=. 98, ETAHPT=.8, PRHPT-1 .5, DPBLEED= .014$

SAMPLE DATA FOR APU

15



SAMPLE UATA FOR APU

***INPUT VALUES***

ALTITUDE (FT) • 0.
PRESSURE (PSI) 14.696

DELTA TEMP FPOM 1962 ATMOS 7 7lOO000

BEGIN INDICATOR = 1
END INDICATOR = 0

NO OF CUMPRESSOR STAGES • 2
NO OF TURBINE STAGES a 1

FLO= 2.48535
MECH EFF 2 .98000
HPACC EXTRACTED FOR ACCESS - 9.50
DESIGN SHAFT P'AER 3 165.0000

INLET DUCT PRESS LOSS - .04
LPC PRESS RATIO - 1.T94
LPC EF,- - .78000
LPC SEAL LEAKAGE - 0.0
LPC BLEED, TO BE USED LATER

INTER-COMP PRESS LOSS - .01

BLEED DUCT PRESS LOSS - .014

HPC PRESS RATIC - b.000
HPC EFF = .74b00
HPC SEAL LFAKAGE - .02

MAIN COIB PRESS LOSS - .07000
MAIN CO!RBUSTION EFF = .99500

DESIGN FUEL FLOW (LB/IHR) 150.00
MAIN COMB FUEL HEATING VALUE AT T4 FOR JP4 * 18400.
COMB DISCHARGE TEMP (DEGREE RANKINE) = 2559.67
MPT INLET NOZ COOLING/HPC INLET FLOW - 0.00000

HPT PRESS RATIO x 1.000
HPT EFF - .80
TURR COOLING/HPC INLET FLOa 0.00000

INTER TUR9 PRESS LOSS (P5-P1)I/P5 - 0.00

LPT PRFSS RATIO - 9.418
LPT EFF .87000
EXHAUST DUCT PRESS LOSS (P53-PLI/P53 0 0
LPT COOLING/HPC INLET FLOW .01000

Example A - 2 Compressor Stages, 1 Turbine Stage

16
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***INPUT VALUES***

ALTITUDE (FT) 0.
PRESSURE (PSI) - 14.696
DELTA TEMP FROM 1962 ATMOS - 71,00000

BEGIN INDICATOR - 0
END INDICATOR = 0

NO OF COMPRESSOR STAGES - 2
NO OF TURBINE STAGES - 1

FLOW = o46535
MECH EFF .98000
HPACC EXTRACTED FOR ACCESS = 9.50

DESIGN SHAFT POWER a 165.0000

INLET DUCT PRESS LOSS a .04
LPC PRESS RATIO - 1.794
LPC EFF = .8000
LPC SEAL LEAKAGE - 0.0
LPC BLEED, TO BE USED LATER

INTER-COMP PRESS LOSS - .01
BLEED DUCT PRESS LOSS s .014

HPC PRESS RATIO a 6.000
HPC EFF = .74600
HPC SEAL LEAKAGE = .02

MAIN COMB PRESS LOSS - .07000
MAIN COMBUSTION EFF .99500

DESIGN FUEL FLOW (LB/HR) - 190.00
MAIN COM3 FUEL HEATING VALUE AT T4 FOR JP4 - 0.
COMB DISCHARGE TEMP (DEGREE RANKINE) - 2559.67
HPT INLET NOZ COOLIG/HPC INLET FLOW a 0.00000

HPT PRESS RATIO = 1.000

HPT EFF - .80
TURB COOL[NGIHPC INLET FLOW a 0.00000

INTER TUR8 PRESS LOSS (P5-P51J/P5 - 0.00

LPT PRESS RATIO - 9.418
LPT EFF a .87000
EXHAUST DUCT PRESS LOSS (P53-PI)/P53 a 0.0
LPT COOLING/HPC INLET FLO4 = .01000

Example B - 2 Stage Compressor, 1 Stage Turbine
With Fuel Heating Value Calculated
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EXPLtNDABLE GASIFIEk JFS

***INPUT VALUES*4

ALTITUDE (FT) 0.
PRESSURE IPSI) = 14. 9b
DELTA Ti P FROM1 1962 ATOS 0.00000

BEGIN INDICATOR z I

END INDICATOQ = 0

NO OF COJMPRESSOR STAGES = 1
NO OF TURBINE STAGES A

FLCW 3.8,200
MECH EFF = .980C0

HPACC _XTRACTLO FUR ACCESS = 4.00
DESIGN SHAFT POWER 230.0000

INLET DUCT PRESS LOSS = .01
LPC PRESS RATIO = 1.000
LPC EFF = 1.00000
LPC SEAL LEAKAGE = 0.0
LPC GLEFD, TO BE USED LATER

[NTEk-COMP PRESS LOSS = 0.00
BLEED DUCT PkESS LOSS = 0.000

HPC PRESS RATIO = 2.827
HPC EFF = .79200
HPC SEAL LEAKAGE k 0.00

MAIN COMB PRFSS LOSS = .12300

MAIN C'J BSTION EFF = .95000
DESIGN FUEL FLOW (La/HR) - 0.00
MAIN ClJ,"' FUEL HEATING VALUE AT T4 FOR JP4 = 18400.

CO.'B DISCHAtGE TLMP (DEGREE RANKINE) - 22b0.00
HPT INLET N1Z COOLING/HPC INLET FLO = O,00G00.

HPT PRESS RTIC = 1.540

HPT EFF = .83
TURB COOLING/HPC INLET FLO4 = 0.00000

INTER TURR PRESS LOSS (P5-P5)/P5 , .02

LPT PRESS RATIO = 1.b00
LPT EFF .85000
EXHAIIST DUCT PRESS LOSS lP53-Pl)/P53 - 0.0

LPT COnLING/PPC INLET FLUO4 = O.00000 1

Example C - 1 Stage Compressor, 1 Stage Turbine with Power Turbine
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APPENDIX B
FLOWCHART AND LISTING
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INITIALIZE

PARAETERS

READ INPUT

PRINT IN
ENDIN lN

3

ITITLE *1 READ TITLE

4
PRINTPRT
INPUTTIL

VALUESTIL

CALL AT1(IS

CALL PROCON

CALL THERO

(STA 1)

CALL THEW
(STA 2)

PRINT yPRLPC 1 .0

LPC NOT USED'

Figure 3 -Flowchart of APU
34
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CALL THEM
(STA 2)

9

CALLTHE ~ CALULATE~

(STEA 3) (SC 22).

CALCULATE
ALEE FOWS

CALLTHE"

Figure 4 -Flowchart of APU
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CACLT F F0 .W 00yCALL ThEUS
(STAT 41)

Figure~~~AL 5-Fo CatOfN

36CUAE F

* CALL THERM



lip
CALL WON)

(STA S) 4

y

20

CALL WON) CALL TKIkV CALL 7HEIkv
(STA SI) (STA 41) (STA 41)

t7 +

CALL Imm CALL TKM v CALL THEM
(STA S2) mpm 0.0 (STA S) HPAf 0 0.0 (STA S)

CALL IKM CALL WIM HWPTT a- 0. v
[PAS 2 IM I (STA Si) (STA S)

CALL TKNO CALL THEM CALL THEM
(STA S2) (STA 51) (STA S)

t t

PAS 2 CALL MM 2t 4E
(STA 52)

+ CALL 7NEM

e 
PAS - I (STA 51)

22

y CAU WNW
WOF of 0.0 (STA 52)

CALL THEM PAS 2(STA 52)

IPAS

23

Figure 6 Flowchart of APU
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CALL THN
(STA 62)

IPAS. I

P53 xPI

FIMCIOATE
LAST TOWSNE

24
at

CAL THWIM(
(STA 22)

27

CALL THE
(SIR S3)

CALL IN
(STA 6)

CACULATI6

Figure 7 -Flowchart of APU
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IEFIXE
OUT~ff

33 
TO 

TO

(WIN
COMBSLTOR)

Figure 8 -Flowchart of APU
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PROGRAM APU (INPUT, OUTPJT, tAPZ5=TNPUT,
$TAIPE6=OUTr 0 UT)
C04MON /PARAM/ ETA..PvZ ETA4PC, ETAB, F.TAHPT9

3 ETALPT, PRLPC,
1 PRHPC, DP8, OPT, cP'E, OPINV DO-, HPACC, HODS,
S LCSL, HCSL,
2 PCBLC, TI., ETAM
$ IMcENSION ANUM (2), AWORO (?), 3W1'RO (?), TITLE

REAL LCSL
DATA AWORD / 3rlATI 3ADSI
DATA ANUM / 3H , 3H4 2/
DATA BWORD / 3H'LP I 6HIPA J I

NAMELIST /INPUT / ALTP, DE..PA4i3, DELTAMS, PRES9
SWAENG, PRHPT,
£ DP3LEED, DPIN, DPC, PRD.# 3F4*., LCSL, Hr.SL,
S ETALPC, ETAHPC,
2 ETAHPT, LTALPI T., 0Pr, Mi HV, N, ETAB, WF4DS,
$ OPB, PCi3LT4,
3 PCBLHP, FTAM, PCBLLP, ITITLE, 0"LPTp HPDS, HPAr,
$ IEND

c
ZSTATION ± - AMBIENT CUorJDI1ONS

Z; STATION 2 - LP COMPRESSOR 1NLEr
CSTATION 21 - LP COMPRESSOR DLSCIARGr-
CSTATION 22 - HP COMPRES30R INLET

C STATION 3 - HP COMPRESSOR !ISCiARGE/UPURNLIR INLET
CSTATION 4 - MAIN COMBUSTOR )ISCHARS-;

0 STATION 41 - HP TURBINE INLET
C STATION 5 - HP TURBINE DISCIAR;Er BEFORE COOLING FLOW
C s HAS BELN ADDED
C STATION 51. - LP TUR~BINE INLET
C STATION 52 - LP TURBINE DISn4Apsr SrFORE COOLING FLOW

C $ HAS BEEN ADDED0
C STATION 53 -LP TURB3INE OISV'HARSS INCLUDING COOLING
C s FLOW EFFECTS
Lo STATION 6 -EXHAUST DUC#T EXIT
C ALTP - ALTITUDE IN FEET
CDPBLEED - BLEED DUCT Pi~ESSJU.E LOSS

C BLTOTL - HP COMPRESSOR TOTAL BLEE) (FRACTION OF WA22)
C BLT'. - HP TURBINE INLET NOZZLE COOLING FLOW (FRACT OF
C s BLTOTL)
C BLHPT - HP TURBINE OIS2'HAkGE COOLI4S FLOW (FPACT OF
kC s BLTOTL)
G BLLPT - LP TURdINZ DESCHAQG.F C30LTN FLUW (FRACT OF
C SBLIOTL)
C CS -AMBIENT SPEFDO0F SOUND (rPS)
C OELTAMB -CHANGE IN AMBI- NT TEM3)-PATLJRF FROM 1962

3 ATMOSPH--PT

40



C DOLPAMB - CHANGE IN AMBIENT DRESSURE FROM 1962 PRESSURE
D CPB - MAIN COMBUSTOR )R SSJ/F .03 (P3-P4)/P3
: )PC - INTER-COMPRESSOt PRESSUi- LOSS (P22L-P?2)/P22L

C DPIN - INLFT DUCT PRESSURE LOSS
C DPE - IXHAUST DUCT PR, SSURr L3SS (P53-Pi)/P57

D OPT - INTER-TURBINE PRESSURE .OSS (P5-P 5i/P5
C FAR - FUEL FLOW/AIRFL3W
C ETALPC - LP COMPRESSOR EFFICIEN f
C CTAHPC - HP COMPRZSSOR 7FFI"IENCY
Z ETAB - PAIN COMBUSTION CFFICIrNCY
C rTAHPT HP TURBINE EFFICIENCYC ETALPT - LP TURBINE EFFIGIENCY

C ETAM - MECHANICAL EFFICIENCY
C ETATHM- THERMAL EFFICIF4CY

C FN/WA - 4ET THRUST/TOTAL EN$INr aII..OW
C FG - GROSS THRUST
C FN - NET THRUST

C HS6 - STATIC ENTHALPY AT EXHAJST EXI (9TU/Lq 4ASS)
HV - MAIN COMBUSTOR :UEL HEArrN VALUE AT T4 FOR JO-

C $ 4
C HPLPC - HORSEPOWER NEEL3D FO; LP C34ORFSSOR
C HPHPC - HORSEPOWER NtE0-O 9)k HP COMPRESSOR
C HPACC - HORSEPOWER EXTRACTED FOR dSSESSORILS
C HPM - SHP EXTRACTED, C3RRECTEO FOR MECHANICAL
C $ EFFICIENCY
C HOMAMB - SHP EXTRACTED, '0R ':TFD FOR SoLo, STANDARD DAY
C $ CONDITIONS
Lo HPEXT - SHAFT HORSEOOWER EXTRACTED
C HPDS - DESIGN SHAFT PO4E?
C ACSL - HPC SEAL LFAKAGEIHDC -LO4
C LCSL -LPC SEAL LEAKAGL/LPO :LO4
C M NUMBER OF TUR13IIE STGES
S= 1., ONt TURBIN" APJ
S= 2v TWO TUR3IN" APjI = 4, TWO TUR3INI4 APUp ONE O- WHIPH IS A POWER

C $ TURBINE
C N - NUMBER OF COMPRESSOR STASES
C PGT - DESIGN POINT WORK LOAD 'ERPV.NT GE PEK TURBINE
C PRES - A MULTIPLIER ON PR&SSURE VA.UES FOR OUTPUT
C PROA - OVERALL CORE COMPRESSIO0 RATIO (P3/P?)
C PRHPT - HP TURBINE PRESSUR. RArO
C PRLPT - LP TURBINE. PRESSURE RATO
C PCBLA - ACCESSORY AIR E ' "04 EXTRACTED FROM 4P

$ COMPRESSOR/
C HPC INLET FLOW
C PCBLT4 - HP TURBINE INLET N3ZZLE COOLING FLOW / HP
C COMPRESSOR
C INLET FLOW
C PCBLHP - HP TURBINL EXIT *33LING "LOW / HP COMPRFS!ZOR

$ INLET FLOW
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C PC9LLP -LP TUkBTNL EXIT '#OJLING PLOW f HP C'OMPRFSS.R
C $ INLET FLOW

CPRLPC -LP COMPRESSOR 3"ISSURF RATIO
C PRHPC -HP COMPRE~SSOR PRESSURE PATIO
C SFCU -UNINSTALLED SPE'CIFIQ FUEL CI)NSUMPTTON (LB FU-rL/
C $HR-HP)
L, T4, ^OMBUSTOR DISCHAR3E rEMH'ERATJRE OE5GRr.E

C $ RANKINF)
C TS6 -STATIC T:MPERATJR- AT EXIAUST EXIT (VEGRt.E F)
C THGF, COkE GROSS THRU3T PE P3UNO TOTAL AIRFLOW
C V6 EXHAUST EXIT VE..OCITY
C OA22 -AIRFLOW AT HPC 14LET/WAET4G

0 WAENG -TOTAL ENGINE INLET ATIF..OW
C WF -FUEL FLOW RATE (LB/S--C)
C WF40S -DESIGN FUEL FLOW (6SfHR)
C UG -MASS FLOW RATE (IN'JLJIF:3 FJEL FLUW) (L'9/SEC)
C WLPC -WORK OF THE LP V'OMPPTSS3R (3TU/LS)
60 WHPC -WORK OF THE HP 'COM'2.SS3 (ST'JfLg)

C CUiNSTANTS
DATA G, AJ,9 IEND v I P / 3 2. 17414'9,p 7 78. 26, , 1 /
PRES =WAFNG R RLOC = =O ETALPC =ETAHPC

$ =1.
ETAHPT =FTALPT 6TA4 = E1-Al ORHPT = PRLPT

$WF4DS =OELTAMR DELDAM3 )PIN DPB Oe
[)PPC =OPT = Pi = 'SL AICSL PC8LC =Pr.BLT4
$= of,
PCB3LLP PCRLHP = HPAC: = *4POS D PBLEFD HV

IPAS a
IN =113=2

j RFAD (5, INPUT)
IF (lEND eE!~. 1) WRITE (6, 130
IF (lEND .EQ* 1) ST03
IF (ITITLE - 1) 2, 3, 3

2 WRITE (6, ±01)
GO TO 4

3 RFAD (5, 102) (TIlL--(I)p 1=1, it)
rFT (6 103) (TITLE() =1 i

WRITE (6, 104)
4 WRITE (b, 105) ALT'

WPITL (69 106) PRE3
WRITE (6, 107) DFLTA'IR
WRITE (6, 108) ITITLE
WRITE (6v 109) lEN)
WPITE (6, 110) h4
WRITE (b, 111) M
WRITE (6, 11 2) WAE4.G

42
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WRITE (6, 113) _.TAI
WRITE (6, l14) HPACC
W.ITi, (b, 115) HPD3
WRITE (b, 116) OPIl
WPITE (6, 117) PRL3C
WRITE (6, 118) E TAL P.
WRITE (6, 119) LCSL
WPITE (6, 120)
WRITE (6, 121) OPC
WRITE (6, 122) OPB.FFD
WRITE (6, 123) PRHIC
WRITE (6, 124) ETA4 0 C
WRITE (6, 125) HCS_
WRITE (6, 126) OPP
WRITE (bv 127) ETA3
WRITE (6, 128) WF4)S
WP.ITE (6, 129) HV
WRITE (6, 13U) T4
WRITE (6, 131) PCBLT4
WRITE (6, 132) PRHDT
WRITE (6, 133) ETA-lPT
WPITE (6, 134) ?CB.,HP
WRITE (6, 135) OPT
WRITE (6, 136) ORLIT
WRITE (6, 137) ETALPT
WPITE (b, 138) DP-.

WRITE (6, 139) P,9..LP
WRITE (6, 140)
CALL ATMOS (ALTP9 Tlit Pi)
Ti = Tl1 + DELTAIB
Pi = P1 + DEL;)ANB
CAL.L PROCOM (0.00 Ti, SS XiV X29 X3, X49 XS)

C BEGINNING OF INLET

CALL THERMO (Pip Hip Ti, Si AKWtv C°1, GAl, 39 11.0,
$ 0)

H2 = Hi
P2 = P1 * (i. - ODIN)
CALL THERMO (P29 H21 T29 S2j AMW2, CP2p GA29 o J.0,

$ 1)

HPM = 0.0
IF (PRLPC .FQ. i.i) ;0 TO 34
IF (PRLPC 9LT. 1.0 .ORo "AL}3 .&T. 1o) GO TO 35
IF (PRHPC .LT. 1.0 .3R. ErAH'C *GT. 1.0) GO TO 35

5 IF (N .EQ. 1) GO TO $

C *" BEGINNING OF LP COMPR-SSOR
P21 = PRLPC :2
PATIOA = (GA2 - it) I SA2
WLPC = (CP2 T2 * (((P21 / -2) *" RATIOA) -
1.)) / ETALP,
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H21 = WLPC + H2

CA .. TH-P.MO (P21, H21v 121, 321v AMW21q CP21p GA2i,

GO TO 7
6 P21 = P2

T21 = T2

HU1 = H2
WLPC = 0.0

7 IF (PRHPC ,L '. 1.0) 50 TO 8

' BEGINNING OF HP COHPRESSOR
P22 = P21 * (1.0 - DPCI
H22 = H21
T22 = T21
CALL THLP4O (P22, H2lv T229 S?29 AMW229 nn22, GA229

$ 0, 0.0, 0)
P3 = PRHPC '22
KATTOB3 = (GA22- i.) / SA??
WHPC = (CP22 T22 (((P3 f P22) ** RATIOB) -

$ 1.)) / FTAHPC
H3 = WHPC + H?1
CALL THERMO (P3, H3 T3, - 3 AMW39 PP39 GA3, 31 4,0,

$ i)
RATIO3 = (GA3 - 1,J) / GA3
GO TO 9

8 P22 = P2±
P3 = P22
T3 = T21
Hl = H1

WHPC = JOE
CALL THERMO (P3, H3p T3, 53, AMW3, CP39 GA39 0, 0.,

$ 0)

9 PROA = PRHPC * P:LP ' (1.0 - noC)

C ' AIR FLOWS, FRACTIONS 3F WA-NG.
WA2 = 1.G
WA21 = WA2 * (.u - .,S.)
WA22 = WA21
WAIRHO = CP3 4 T3 * (((0 3 f >) *' RATIO3) - i,.)
BLA = (HPA..I * .7OoB) / WAIRHO
PCBLA = BLA / (WA2Z * WAE'4G)
PCBLC = PCBLT4 + PCqL4P +. PZ3LLP + PCRLA
WA3 = WA22 * (1.0 - HC3. - PCOLC)

IF ((PCi3LC ,LT, 1.0)) GO rO L3
PRINT *,' PERCENTS O" BLE--U LOWS ,GT, 1.0--HALT

I EXECUTION"
GO TO I

10 BL4 = PCBLT. * WA22
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BLHPT = PVBLHP * W422
tLLPT = PCBLLP f WA22
BLP = P3 *(Uo3 - 13BL-ED)
HPLPC = (WLPC * 4AZ WAEYG) / .7068
HPHPC = (WHDC w 4A22 W4ENG) f *7068
TB = T3
CALL THFPMO (SLP, HB TB, SB, AMWB9 CPS GAB, f1p

C
, ' BGINNING OF MAIN COM3USTO.

IF (WF4DS sLT, OoG .OR. T. #-. To 0 *OR*
S ETAB.GT.l.O) GO TO 35

1. IF (WF4DS .GT. (.O) 50 TO 14
IF (HV *GT. 0.0) GO To 12
CALL COMB (P39 T49 H39 ET4B, 3P3t 04p H41t SI., FAR?#v

$ AV)
GO TO 13

12 P4 = P3 * (1.0 - O'B)
FAR. - (o276 * (T4 - T31) I ((cTAS * HV) -

S (,27b * (T4-
± T3)))

GALL THERMO (P49 H4 T49 541 AMW4P CP. GA49 It
$ FAR. G)

FAR. - (CP4 * (r4 - 13)) / ((ETAB * HV) - (CP4
S ( T - T3)))

13 WF. = FAR4 WA3
GO TO 15

14 WF = WF4DS / (WEN; * 3610).
FAR4 = WF4 / WA3
P4 = P3 * (193 - 03B)
CALL THEPMO (P49 H T4v S49 4 811 CP., GA4 it 1

$FAR4., 0)
IF (HV oGTo 0o) GO T) 15
IF (HV ,EQ, 0@u) HV = (C34 (T - T3 I FA4) +

$ OP4 * (T4 -
I T3)) I ETAB

CALL COM82 (P3, T4, -3, ErAE, 0P3, 0 , 44, St, FAP',
$ HV)

15 WG, = WA3 + 'WF4
P41 = Pt
WG41 = WG4 + BLT'
FARi = WF (W43 + ALTI1
H41I = (H4t WG4 + 4 B * BLTII) 1 WG41
CAi.L THERMO (P41, H4, T1t, 51,9 AMW41, CP4.1q GA41
1, FAR41t 1)
IF (SLT4 .LE, o.3) rl = T4
IF (PRHPT oLT, 1.0 .JRe ETAH*T o;ro 1.0) GO TO 37
IF (Pf'LPT .LT. 1.0 o3Po "TAL*T ossr 1.0) GO TO 37
IF (M .LQ. 1) GO TO 16

IF (M sEQ. 2) GO TO 18
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IF (M *EQ- 4) GO TO 2)

ONE TURBINE APU
16 P5 = P41

Pr~HPT = P41 / P5
H5 =H41

FAR5 FAR4.
CALL THL.RNO (P5 , H5, 15, 35, 9AMW5, Crlc, GAS, it

$ FAR5, 1)
p!; I = P5

T51 = TS
WG51 = WG41
FAR51 = FAR41

CALL THFRMO (P51, H519 T51, My1 AMW5±, fPP5tq GA5I,

S 1, FAR51, 1)
IF (HPM *NE& 0@0.. GO T3 1.7

RATIO = (GA51 - 9D) I G451

TWORK = ETALPT co5i * r5i * (1.13 - ((10o

$PRLPT) **
j RATIO))

DHTL = TWOQI(
H452 = H~51 -DtITL

P52 =P51 PR%.PT

HPLT =(TWORK * WG51 f uiAE4) /*7nb8

HPEXT = HPLT - H2L*'C - PC

HPM = (HPLXT - HPAVC) F ETAt4
PCri = 0.0
PCT2 =1.0
IPAS = I
Go To 23

17 HPBTU = ((HPACC 1(HP)$ / ETtN)F .7C68)

$(WG51 *WAENG)
I)HTL =HPF3TU + ((H3 - 4'2) *WA22 + (H21 H 2)

I WG5±)
H152= H51 - HTL

P52 z 51 (jIf) - (DHr. f (ETALPT *M5

$ T51))) (GA~i
I. / (GASi - 1.0))
CALL THERMO (P52, H529 T52, 352, AMW329 CP52, GA52,

s 1, FAR5I, 1)
TWORK =DHrL
HP..T =(TWORK * WG51 4AEP43) / 7168

HPEXT =HPLT - HPLPC -HPHPC

P(,Ti a 0a
PCTZ 1.IS
HPM =(HPLXT -H3ACD ) FTkM
IPAS =2
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GO TO 23

C **TWO TURBINF APU
18 CALL THERMO (P41, H41., T41, 341, AMW419 CP41t GA4.1f

S 1, FAR419 0)
IF (HM *N~.. 0.0) GU T3 ig
RATIO = (GA41 - .eJ) I rA41
THWORK = ETAHFI GP41 * rd. (19U - (C1.*3

$ PRHPT) *
j RATIO))

DHTH = T HWOR K
H5 =H41 - H1M
PS = P41 /PRIPT
CALL THERMO (P51 45, T5, 55, AI#43, C05, GA5, it

$ FAR.I, 1)
P51 P5 *(1.) - 02T)
WG51 = WG41 + !3LHPT
H451 = (H5 WG'.1 4 18B BL.IPT) / WGSi
FAR51 = WF4 /(W;51 - WF4,)
CALL THERMO0 (P519 H51q T51, S51, APIW51, CP5ip GA51,

$ 1, FAR~i, 1)
RATIO = (GA51 - 1.) f G45i
DHTL = ETALPT * 51 * rsi * (1* - u±.o

$ PRLPT) *
I RATIO))

H52 = H51 - HTL
P52 = P51 PRLPT
CALL THEP.HO (P52, H529 T521 52, A'4W52, CP52, SA529

S it FAR51, D)
PCTI = DHTH / (3HTtI f- 3TL)
PCT2 = DHTL / (JHTH *. DM11)
IPAS = i
HPHT = THWORK * W4i * WAE14G) / *70E8
HPLT = (LJHTL * 4G51 0 WA NG) / e7068
HPEXT = HPHT - H3HPC f H'..T - HOLPC
HPM =(HPEXT - HDACft) 0 ET4
GO TO 23

19 HPSTU = ((HPACC f(HP)S f ETAM)) * 7668)/
$ (WG'.l WAENG)

OHALL =HPBTU + ((p43 - H22) 0W422 + (H2i H 2)
S w WA2) /WG41

DWORi(HT = HALL * (P ,TI) * WG4it * NAENG
FAR5 FAR41
CHTH =DWORI(MT / (WG'.1 0 WA7'IG)
H5 = H41 - fHTH
P5 = P41 * (1. - (DHtH / (rTAHPT 4 !4

$ T4M)) **(GA4 4
I f (GA41 - 1.0))

CALL THLRMO (P5, H5, T5, 35, AMW5 ,P5 GAS, 1,

47

_ __ ..V .....



PRHPT = P41 /P5
P~i = P5 (1.0 - 03T)
WG51 = W641 BA-PT
H51 = (H5 WG.i + 48 f BLIPT) 'WGF~J

FAR51. = WFL4 /(W35i - WF4)
CALL THLRMO (P51, Hzpq T! I, 3519 AMW519 CP519 GA51,

S 1, FAR51, 1)
OWORKLT = HALL *(PRLPT /(PRIPT *PRLPT)) *WG51

S WAENG
DHTL = DWORKLT f' (W&v1 ' WA:E'NG)
H52 = H51 -DHTL

P52 =P51 (iou - 0H.. f (ETALPT * CP5i
S T51))) **(GA51
I f' (GA5i - 1.0))

CALL THEPMO (P52, $52, T5?p S529 l''W52, CP52, GA529
s It FAR51v 1)

PCTI DWORKrIT / (Dk4ORKir + DWORKLT)
PCT2 = DWORKLT f (DWDRKiT + DWORKLT)
HPHT =DWORKIT / 7fl5B
HPLT = OWORKLT / 97058

HPEXT = PHT - HPHOC~ + HPLT - HPLPIn
HPM =(HPFXT -HPAC'Z) 0E
IPAS = 2
GU TO 23

C * TWO TURGINL. APU WITH 3NE 0= Ti: TJRBINES A POWER
C STURBINE

20 C;ALL THERMO (P41, H4L, T1419 S319 AMiW4i, CP4I., GA41q,
S i, FAR41q, L)

RATIO = (GA4I. - 1.) oP G41
THWOR( = ETAHPT 'CP1i f T41 * (1.0 - ((1*3/

$ PRHPT) *
I RATIO))

DHTH = THWOR(
H5 = H41 -H

P5 = P41 / R-IPT
CALL THERMO (P5, $5, T5, S5, AMW5, CP59 GA5, i,

S FAR4.1, 1)
HPHT =(THWORK * WG41. * WIDA ) / *'flE8
HPTT = HPHT - H2ACD - HPHP3 - HPLPC
IF (HPTT *GE* 0.0) L;3 TO ?i
HP3TU = (HPACC * *7059) f (W341 'WAENG)

OHTH =HP8TU + (((H3 - 1?2) 4 WA22 + (H21. 42)
S *WA 2)/
1 WG41)

H 5 = $41 -DHr'4

pr, = P541 *(l.0 - (oHrm f (ETAHDT * rP41 f
S T41))) (GA41
I / (GA41 - 9)

CALL THERMO (PS, $5, T59 35, AMW5p CP5, GASv 19
* I FARki, D)
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PRI4PT =P4q1 /PS
PRINIT ',PFPESSURE RAMI CAL3ZJLATED AS NEEDEDO FOR

S HPT@
21 P51 =PS * (I.] - D'T)

WG51 WG41 + SI.HPT
H51 (H5 WG'.1 + IB #BLiPT) / W5
FAR51 = ,F4 (W351 - WFI.)
CALL THTRHO (P51, H5L, T519 Mg1 AMWSi, CIP51, GASi,

S I, FAR519 I)
IF (HPM .N~o 0.!') GO TO 2!
RATIO2 = (GA51 L*1.) IG451
TWORI( = ETALPT * C'I rsi *(tooi - ((j)

S PPLPT) *
1 PATIO!))

OHTL =TWORK
H52 =HSI - HTL
P52 =P51 PRLPT
CALL THERMO (P529 H52p T5?, 352, AM4W529 CP529 GA529

S 1., FAF,5ip 1)
HPEXT =(TWORK * WG5I * 44F4;) / e7068
HPLT =HPEXT
HPM =HPEXT E TAM
DWOR'(HT = HTH w .41 WAE NG
OWORKLT =DHTL W;5i WAENG
PCTI O WORKHT / (OWDRKHT + OWORKLT)
PCT2 = WORKLT I O.43K4T + OWEIRKLT)
IPAS =1I
GO TO 23

22 DHTL= ( (HPD: / ETAM) *.7158) / (WG5i WAENG)
CALL T14..RMO (P529 1152, T52, S529 hMW52, Cf"52, GA52,

S5 1, FAR5 * (1.0 - (OIHTL f (ETALPT * CP5i

$ T51))) "* (GA5i
1 1 (GASi 1.0))

H52 H51 - DHTL
TWJRK = HTL
HPEXT (TWORK * W;5i *4AF4) / .7068
HPLT =HPEXT
DWORKHT = 011TH fW'41 WAr-4G
DWORKLT =DHT. * WS~ L WA-)4G
PC~i = 0WORKH.T / (DWOMK'T +DWORKLT)
PCT2 =DWORKLT f' (OWDRK-it + DWORKLT)
HPFI = HPIEXT* :A
PRLPT = PSi / P5;
IPAS = 2
GO TO 23

c
* C * LOW PRESSURE TtJR8TNE 3R POWER TUR31NE EXIT, WITH

C S COOLING FLOW,
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IF ANY, PLUS STATION 5 CkLCULRTTON,
23 PPLPT = P51 / P52

P52 = P51 / PR.PT
CALL THERMO (P52, H529 T 29 552, AMW529 0P52, GA52,

$ to FAR51, 1)
P53 - P52

IF (IPAS ,EQ. 1) GO TO 27
IF (P53 oGEo PI) GO TO 27

C ON 2NO PASS WHEN 4ORK RLIJIlrD CAUSES
C $ OVEREXPANSIO,4 OF .- sr
C TURBINE, ASSUIE TIE TJRBId r FXPANUS ONLY TO
C $ ATMOSPHERIC*

PRITNT p "'P53<PILPT OVE 'XP44D- SET P53=Pi,
$ RECAL3 WORK"

P53 = P52 Pi
REPRTL =P51 i Ps?
RFTIO = (GA51 - Le) / GA5i
REWORK = ETALPT *C5i # r51 ( sI - ((Io I

$ REPRTL) IKFTIO))
PRLPT = REPRTL
H52 = H51 - RE4ORK
HPRL = (REWORK * WG5I * 4AE4 ) f .7068
IF (M *GT, 1) GO TO 24
HPEXT = HPRE - H3LPO - HP4PC
HPM = (HPEXT - HPAC.) P ETSM
GO TO 26

Z4 IF (,M *GTs 2) GO TO -5
HPEXT = HPHT - HPHPC + H)iE - H*LPC
HPM = (HPEXT - HPAC.;) * ETIM
PCT2 = HPRE / (1PE + H2HT)
GO TO 26

25 HPEXT = HPRE
PCT2 = HPR. / (I.HT t HPRE)
HPLT = HPEXT
HPH = HPLXT * TAM

26 CALL THERMO (P529 H529 T12, 352, AMW529 CP529 GA5?p
S 1, FAR51, 1)

C ON 1ST PASS, IF LAST TURRIN1 NOT
C $ OVEREXPANDEO,

27 PS6 = P1
C LAST TURBINE EXIT C03LIN; CALCULATIONS

WG53 = WG51 + BLLPT
H53 = (H52 IF W$t 4 H13 0 3LLPT) / WG53
FAR53 = WF4 / (W;53 - WFl
CALL THFRMO (P539 H539 T53, 3939 1MW539 CP531 GA53,

$ 1, FAR53, I)
RT1053 = (GA53 - 1.) / GA53
OPE = (P53 -P3 6 ) / 053
TS6 = T53
CALL THERMO (PS6, HS5, TS v SS69 AMW6v CP6, GAb, to

$ FARS3, U)
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DELNOZ = H53 ( is (21 f' P53) RTI053)
V6 = SQRT(2 * G '(DELNO7) AJ)
WG6 =WG53
FAR6 = FAR53

C
C PERFOR~MANCE CALCULATI3NS

THG6 = V6 *WG6 I G
Ft4aWA = THG6 /W%2
SFCU = WF4 WA-:-NG * 3609 1 iIPP
FG = THG6 'WA'72NG

FN = FNQWA * WAENG
ETATHM = HPLXT * j50. W-(4 WAENG MV AJ)

0 * OLFINE OUTPUT PARAt'ETIRS
XWA21 = WA2i * W47-NG
XWA22 = WA22 *WAEIG
XWA3 = WA3 *WAING
XWG4 = WG4 *WAEN~G
XWG41 = WG4.1 WE
XWG51 =WGbi W4ENG
XWG53 =WG53 *WAFNG
XWG6 = WG6 *WAT4S
XWF4 =WFL * WA-4 * 3691.
X'p1 = Pi * PRES
XP2 =P2 * PRES
XP21. = P21 * PRES
XP22 = P22 * PW7-S
XP3 = P3 * RES

tXP4 = P4 * PRES
XP41 = P41 * PRES
XP5 =P5 PRE3
Xp5I = P51 *PRES
XP52 = P52 *PW S
XP53 =P53 * PRrS
XPS6 = PS6 * PR'S
CF2 = (WA2 * WAENG SMTC2 TiM) (P2 I

S PI)
CF21 = (XWA2i SIRT(T2i / TiI)) /' (P21 f Pt)
CF22 = (XWA22 *SaRT(2 t 112)) / (PV~ f Pi)
CF3 = (XWA3 * ir'A 3 p l it)) / (P3 / PI)
CF4 =(XWG4 * SQRT(T4 f Tii)) / (P4 / PI)
CF4i1 = (XWG41 * £T(T4L / T11)) f (PL / PI)
CF51 = (XWG51 SRT(Ti f 111.) / (PSI / PI)

*CF'52 = (XWGSI. SQRrUT5? / T11)) / (P52 / Pi)
*CF53 = (XWG53 *SIMTT53 f rii)) / (P53 I PD)

CF& = (XWG6 * SQIZT(rS6 f Tit)) /' (PS6 / P1)
CFF = XWF4 / (0P4 / P1) S(QPT(T4 / TiI)
NPIIAMB = (HPEXT *SQRT(TI f 518*67)) f (01 / 1.)
THSTAI = Ti Til
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THETAZ = T2 / Tit
THETA3 = T3 / Ti
THhTA21 = T21 / TIt
THETA22 = T22 / Tit
THETA4 = T4. / Til
THETA41 = T41 / Tit
THETA5 = T5 / Til
THETA51 = T51 / Tit
THETAF2 = T52 / Tit
THETA53 = T1'1 / TLL
THETA6 = " S6 / Tit
DELTAi = '1 / P
DELTA2 = P2 / Pi
DFLTA21 = P21 f Pi
OELTA22 = P22 / P1
DELT43 = P3 / 01
DLLTA4 = P4 / Pi
DELTA41 = P41 / P1
DELTA5 = P5 / P1
DELTA51 = P51 / P1
DLLTA52 = P52 / Pi
DELTA53 = P53 / P1
DELTAG = PS6 / P1
Ti = T1 - 459o67
T2 = T2 - 459.67
T21 T21 - 453*67
T22 = T22 - 459*67
TB = T8 - 459,67
T3 = T3 - 459.67
T4 = T4 - 459,67
T41 = T4I - 45"9o 67
T5 = T5 - 459,67
TSL = T51 - 4 ,3,,67
T52 = T52 - 453.67
T93 = T53 - 453967
TS6 = TS6 - 454*67

C * WRITE OUT THE OUTPUT 'AGF
IF (PRES ,GT, 1.0) IP = .
IF (ITITL EtQo U) G3 TO 28
WRITE (6, 141) AWOMD (r2)
GO TO 29

28 WRITE (6, 142) AWORD (I2)
29 ITITLE : 0

WRIT-: (6, 143) XP±, Ti, Hi, D..TA1, THETAt
IF (PRLPC ,LE. 1.0) 50 13 30
WRITE (6, 144) XP2p T29 H2, WAENG, CFZ, OSLTAZv

$ THETA29 ETALPC,
I ZRLPC, DPIN

WRITE (6, 145) XPZ1 T2L, 4?1, XWA2i, CF2t,
$ DELTA21t THETAZI
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I DPC
3q IF (PRHPC .LE. 1.u) -0 TO 31

WRITE (b, 14.6) XP22, T?? 422, XWA220 CF22,
$ OLLTA229 THETA229
I ETA4PC, PRHPC

31 IF (PRHPC ,LE* ±.C) IS 1
WRIIE (6, 147) qWOlO (13)t XP3, T3p H3, XWA39 C'3

S OELTA3,
± THETA3, PROA

WPIrE (o, 148) XP4, T4 H4P XW;49 CF4p DELTA4,
$ THETA49 FAR49
1 ETAB, OPB

IF (M *EQ, 1) GO TO 32
WRITE (6, 149) XP41q 141. 441, XWG41 CF4,t

$ DLLTA41, THETA41v
£ FAR 'I ETAHPT, PRH3T
WPITE (6, 150) XP59 T5, H XW34i, CF41, OELTA5,

S THETAS FAR41,
1 OPT
WPITE (6, 151) XP51, T51, 451, XWG5it CF51.

S DELTA51, THETA51p
i FAR51

32 IF (M *EQ. 1) IN = 1
WRITE (6, 152) ANUM (IN), XP51p T51, H51, XWGS±

SCF51, DELTA51i
I THETA51t FAR51v ETALPTv PR..DT

WPITE (6p 153) ANUM (I)q (P52, T529 H52, XWG.i,
$ CF52p DELTA52,
I THETA529 FAR51

WRITE (6, 154) ANUI (141p K353t T53, H53, XWG53t
$ CF39 DELTA53I
I THETA 53 FAR53

WRITE (6, 155) XPSt TS5, 4S6, YWG6, CFf, DELTA615$ THETA59 FAR6 r

WRITE (6, 15b) ALT-'
WRITE (6p 157) CS

WRITE (69 158) DELTAM9
WRITE (6 159) OEL3At R
WRITE (6t 160) 4
WRITE (bg 161) M

WRITE (6p 162) 4PDS
WRITE (6t 163) HPEXT
WRITE (69 164) 4PN N3

WRITE (69 165) HPM
WRITE (69 166) HPA
WRITE (69 167) 4PL3C

WRITE (6, 168) HPHP!
WRITE (b 169) XWF4
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WRTE (6, 170) CFF
WRITE (6, 171) HV
W F I'E 16t 172) WLPo
WRITE (6, 173) LCSL.
WMITE (6, 174) WHP-j
WRITE (6. 175) HCS.
WPITE (6, 176) PCTi
WRITE (6, 177) HPHT
WRITE (o. 1781 PCT2
WRITE (6, 179) HPLT
IF (H eEQ. 4) WRITE (6, 180)
WRITE (6, 181) FN
WRITE (6, 182) FG
WRITE (6, 183) FNQ4I
WRITE (6, 184) ETAT441
WRITE (6, 185) V6
WRITE (6, 186) SFCJ
IF (IPAS .NE. 2) SO TO 33
DPE = 0.0
PRHPT = 1,
PRLPT = 1.0
mV = 18400.0
GO TO 1

33 Ti = Ti + 49,6?
T2 = T2 + 459967
T21 = T21 + 453e57
T22 = T22 + 4 ,.5
TB = TB + 459,67
T3 = T3 + 459s6?
T4. = T4 + 459.6?
GO TO 11

C *** EPPOR STATEMENTS
34 WRITE (6v 187)

GO TO 5
35 WRITE (6, 188) PPLA-, PFHPJp ErALPCt ETAH 0 C

STOP
36 WRITE (6, 189) WF4JS T49 -TA9STOP
37 WPIT_ (69 190) PRH'T, PLPT9 TAHPT, ETALPT

STOP
C

C
100 FORMAT ( # / v 33X, 48HTHIS WtOGRAM WAS DEVELOPED

$ BY COMPONENT
1S BRANCH 9 23HTURBINE edSIW" )TVIsIONq / , 34X9
S 2ct HtODIFIED BY PO
2WER DIVISION9 42H U.S, AIR FOk'E aERO PROPULSIJN
3 LABORATORY )
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IJI FORMAT ( 1Hit ZX, 18H*"PINAUT VALUES*** )
102 FORMAT ( 11A6 )
103 FORMAT ( 1Hi / ±H , 40Xt 11i5
iUL. FORMAT ( IHO, 20X0 iH"'IN=IUT VALUES*** )
105 FORMAT ( / / 9 5Xs 16H4LTlTUDE (FT) = , F3.0 )
106 FORMAT ( 5X9 17HPR;T3SJRE (PSI) , F60' )
117 FORMAT ( 5X9 29HOELTA TEMP =OM 1962 ATMOS = p F8.5

108 FORMAT ( / , 5X, 18HBEGIN P4DIATOR , I )
109 FORMAT ( 5X9 1oHENO IMDI,^ATOR = , T1 )
11( FORMAT 5 X9 2SHNO OF 'OHPRESSOR STAGES , II

$s)
111 FORMAT 5X9 23HNO OF TURBI4E SAr, ES = , Ii )
12 FORMAT C / v 5X9 74F..O4 = 9 F13*5 )
113 FORMAT C 5X, I1HMECI --FF = , F8,5 )
114 FORMAT ( 5X9 29HHPC^ EXTRA.PTFD FOR ACPESS = , F4e2

115 FORMAT C 5X9 21HDESIGN SIAFT POWER = , FlOs )
115 FORMAT C 5X , 24.HIN'-T JUCr PRESS LOSS = , F4,2

$ 3)

117 FORMAT ( 5X9 18HLPC PRESS PuiO = , F993 )
118 FORMAT ( 5X, iuHLPC EFF = p F8e5 )
119 FORMAT ( 5X, 19HLPC SEAL LEA<AG- = v F3,1 )
120 FORMAT ( 5X9 27HLPC 3LEF), ro 3E USED LATE )
121 FORMAT ( / , 5X, 24HINT-r-.OOMP PRESS LOSS = v F4@2

$ )

122 FORMAT ( 5X9 24HBLEEO OU-T DRES5 LOSS = 9 F6.3 )
123 FORMAT ( / , 5X, i8HHPC DRESS 7ATIO = , F*3 )
12% FORMAT ( 5X9 IOHHPC EFF = , FP.5 )
125 FORMAT ( 5X9 19HHPC SEAL LFA<AGE = , F4*2 )
126 FORMAT ( / , SX9 23HMAI4 COMP 'RERS LOSS = , F8oS

$ )

127 FORMAT ( 5X, 22HMAII -OMBUSrION EFF = , F8*5 )
128 FORMAT ( 5X9 27HOESIG4 FJEL FLO4 (LB/HR) = , F6,2 )
129 rORMAT ( 5Xt 4SHMAI4 COMB FUEL 4EATING VALUE AT T4

$ FOR JP4 =
i F6.f1 )

139 FORMAT ( 5X9 39HCOMB DISCHARGE TEMP (OEGREF
S RANKINE) , F7,2 )

131 FORMAT ( 5X9 39HHPT INLr NOZ C0LTNG/HPC INLET
S FLOW = , F8.5 )

132 FORMAT ( / r 5X9 184HPT PRESS RATIO = , F.3 )
133 FORMAT ( 5X9 IHHPT -FF = 9 r5.- )
134 FORMAT ( 5X, 30HTUR3 COOLIN3/HP INLET FLOW =

$ F8.5 )
135 FORMAT ( / 5 ;X9 3S3HTNTER TURR PRPSS LOSS (P5-P5t)

$ /P5 = v F5,2

136 FORMAT ( / , 5X9 ISHLPT PRESS RATIO = , F5*3 )
137 =OiMAT ( 5X, 1iHLPT EFF = "o; )
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138 FORMAT ( 5X, 39HFXH4UST )ucr P-_SS LOSS (Pc3-Pl)/
S P53 = , F3.1 )

139 FORMAT ( 5X, 2'HLPT -OOLING/4PC INLET FLOW = , FS.v

il FORMAT ( lHi 52X, 19H**OOUrPUT VALUES *  )
1.1 FORMAT ( IHOp 9X, e1HSTATIO4 PRtiSStJRF-P A3, 2X9

S 29HTEPMP-DEGo
iF FNTHALPY FLOW, 3X, L2H-)R -LOW DELTA
$ THETA FUEL/AIR

2 EFF, 2X, 18HPR.SS RATIO OfL P
142 FORMAT ( IH1, 9Xp 21HSTATIO.4 PRESSURE-, A3, 2X,

$ 29HTEMP-DEG.
IF E'4THALOY FLOW, 3X9 42H3OR "LOW DELTA
$ THETA FUEL/AIR
2 EFF, 2XV 18HPRFSS RATIO DEL P )

143 FORMAT ( iH , OXq 91AMBI-NT I 3X, F8.3, 5X9 F8.2,
$ 3X, FS, 2,
1 21X F7.3, 2X, F7.3

14-4 FORMAT ( iH , 6X, L3HLP -OM3 TNL.ET, 4X, F8.7V 5X,
$ F8.2, 3X,
1 F8.2, 2X, F7.39 3X, F7.3, -KX, "7,39 2X, F7,3, 12),
$ F7.5, 2X9
2 F7939 2X, F7.5 )

145 FORMAT ( .H , 6X9 124LP aOM" 'XTT, 5Xt F8., FX,
$ F8.2, 3X9 F8,2,
I 2X, F7.3, 3X, F73, 2X, F793, ?X, F7.3, 3nX, F7.5
3 )

146 FORMAT ( iH 9 SX, 13HHP -OMP IN.ET, 4XV F8.39 5X
$ F8,2, 3X
1 F8.29 2X9 F7.3, 3X, F7.3 _X, -7.3, 2X F7o3, 12X
$ F7.59 2X9
2 F7.3

147 FORMAT ( 1H v 6X, A39 £l1CO ' -IKI/v / IH 9 8X,
$ 124BUrONER INLET
1 3X9 F.3, 5X9 F8.2, 3X "8, 2K F7.39 3X F7.39
$ 2X9 F7.39 2X,
2F7.39 21X F7.3 )

148 FORMAT ( IH , oX, 1LH3JRW4'R FXIT, 6X F8.3, 5X,
$ F8.2, 3X9 F8.29
1 2X9 F7.!, 3X F7.39 2X, F73, 2X, F7.3, ?X, F8.,
$ 2X9 F7.,
2 i1X, F7.5 )

149 FORMAT ( IH , 6X, 12HTUOB I NLET 5X9 F8.3, 5X
$ F8.2, 3X F8,2,
£ 2X9 F7,3v 3X9 F73, 2X, F7,39 X, F7.3, 2X, F8,5,
$ 2X F795, 2X9
2 F73 )

150 FONAT C iH 9 6Y, 1tHTLUR3 ± "XIT, 6X %r8.3f 5X9
$ F8.2, 3X, F8.2,
I 2X, F7.3, 3X F7.3, 2X F7, 32 K, F7.3, 2X, F8.5,
$ 2(X F7.5 )
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151 FORMAT ( iH , 6X9 LIHTURB 1 EXIlp / 1H, 8X,

$ 12HPLUS COOLING,
1 3X, F8.3, 5X, F8,2, 3X, F,29 -2X9 F7.,o 3X9 F7,3,
$ 2X, F7*3, 2X,
2 F7.3, 2X9 F8.5 )

152 FORMAT ( 1H , 6X, 41TJR:3 A3, 5IINLETI 5X, F8.,
.6 5X, F8,29 3X9
± F8.2, 2X, F7.39 3X, F7,39 !X, "T3, 2X9 F7,39 2X9
$ F8.5, 2X,
2 F7.59 2X9 F7,3 )

153 FORMAT ( IH , 6X, 4HTURB, A3, 51-EXTT , 5X, F8939
$ 5X, Fo8.2 3X,
. F82,p 2X, F7.31 3X, F7.39 2X, r?,3p 2X9 F7.3, 2X9
$ Fe,5 )

154 FORMAT ( iH v 6X, 4-ITUR89 A3, 1+-EXIT, / iH , 8X,
$ 12HPLUS COOLIN
iG, 3X, F8.3, 5X, F8*2, 3X, F8,2, 2X F7o3, 3X, F7,3,
$ 2X, F7.39 2X,
2F7*39 2X, F8.5 )

155 FORMAT ( iH , 6X, 17HEX4T/STATI, COND 9 F8.39 5X9
$ F8.2, 3X,
£ F8.29 2X9 F7.39 3X, F7,.v 2X9 r7,39 2X9 F7,3, 2X,
$ p8,5, 20X,
2 F75 )

15b FORMAT ( / / , 5K, 1bHLTITUO" (FT) = , 3O )
157 FORMAT ( 5X9 17HSPED OF SOU0 = p F7e2 )
158 FORMAT ( 5X9 29HDELTA TEMP FROM 1962 ATMOS = , F592

159 FORMAT ( 5X, 30HDELTA PRE-SS FRO4 iq62 PRESS
S , 2 )

ibO FORMAT ( t , 5X9 23HNO OF '-OHP STAGES = 9 II )

161 FORMAT ( 5X, 23HNO 3c TURB STAGES = , Ii )
162 FORMAT ( / , 5X9 idHOESIGN SHA'T HP = , F..4 )
163 FOPMAT ( 5X, 16HSHP EXTRACTEO = P F'1095 )
164 FORMAT ( 5X 28HSHP .XI'RCT-D, 'OR FOR SL = 9 F1[ 3

165 FORMAT ( 5X, 34HSHP EXTR4GT-J, ;OR FOR MECH EFF
$ FI.O 5 )

166 FORMAT ( 5X, 31HHP EXTRA:TE,: F3 ACCESSORIFS =
S F53 )

167 FORMAT ( 5X 20HHP 4EEDE D FO LZ1 = , F7.3 )
168 FORMAT ( 5X9 20HHP 4EEn-) FOR HPC = 9 F15.5 )
169 FOikMAT t / , 5x, 23HCAL:ULTED FUEL FLOW = F 994o

s )
170 FORMAT ( 5X, 17HUZL LOI CEF = p Fi.o )
171 FORMAT ( 5X9 4SHMA1I4 COM3 FUEL "IFATING VALUE AT T4

$ FOR J'I.
I F8,i )

172 -ORMAT ( 5X, 23HWnRK O L0 I (STU/LB) = , F6,3
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173 FORMAT ( X, 33HLPC SEAL LEa<AE- FLOW FRACTION
i F7arl )

174 rORMAT 5 X9 23HWOrP( OF HO- ( 9TU/LB) =,F7, 3

175 FORMAT ( ,X, 33HHPC 3-'A-A- E403r FLOW FRACTION
$ F8.5)

176 FORMAT (/,5X9 IJHH4PT WORK( OriCNT = , F593
177 FORMAT 5 X9 20HHORSEPOWER : 4 T = p Fi595 )
178 FORMAT C/ , 5X, i3H,.PT WOR( ;3E'CrNT = , F5e 3
179 FORMAT C5X, 2(lHHOR3LPOW:R JF L'T =, FIF95 )
18G FORMAT C5X, 32HTHis Is ACTUJALLY A POWER TURBINE )
idi FORMAT C/ I 5X9 i3HNEVT THRUST = , F1095
182 FORMAT 5 X, 15IiGROSS THRUST =, FiO.5)
183 F0RMAT 5 X9 28HNET THRJST/r-4GI'JE AIRFLOW ,FiO*5

184 FORMAT C5X, 14HTHE'iMAL :;FF ,F8sS

185 FOR'IAT C5X, 24.HEXHAUST E7XIT Vr..OCTTY 9 , 19K F9*3

186 FORMAT C5X, 41HENtL71NE- UNINSTAL.F-D SFC (LB FUEL/4R-
$ HP) =,F8*4
£

187 FORMAT ( IHOi 124LPZ 140's USE)
1tod FORM4AT ( iHO, 44H*** ERR IN COMPRESSOR INDUT

S PAROItETERS ***I ; , FX, 8HPRLPC =, F7.7, 4X, 8HPRHPC =,F7*3,
S 4X, 9HETALPC
2, F9.3, 4X, 9HETAHPC ,F3,5

i89 FORMAT ( iHO, 43H* ERP IN 10OBISTOR INPUT
$ PARAMZERS *** /

1 , 5X, BHWF40S = , 76o2, aIX, b'4TIt =, F7.2, 4X,

3 7HETA3 =,F8.5

195, FORMAT 1 HO, 4iH**" ERR)R 14 TJRBINC INPUT
S PAD'AMrTERS ~
i 5X, 8HPRHPr F5*3, 4K(, APRZ'..PT= p F5o3, 5K,
$ 9HETAHPT=
2 F~s2, 4X, 9HETALPT --,5e2)

END

58



SUBR.UTINZ ATHOS (HFT, T4, 3)LTA)
. THIS IS A SU8kOUTINE TO COMPJTE CERrAIN ELFMNNTS OF THE
C $ 1962
Z U.S. STANDARD ATMOSPHERE UP TO 3 KILOMLTERS.
C CALLIIG SLQUEN.E..

C SALL ATMOS (HFT, TM, OELTA)
HFT = GEOPOTENTIAL A.TITJOE (FE.T)

3 TM = MOLECULAR SCALE TEI>ERATURE (DEGREES
3 $ RANKINE)

C DELTA = RATIO OF 2R-SSU " T3 THAT AT SEA LEVEL

1; ALL GATA AND FUNDAMENTAL ^ CONSTA4TS A:F IN THF 4ETRIC
C S SYSTEM AS
C THESE QUANTITIES ARE DEFIN7-D AS EXArT IN THIS SYSTEM*
C
C THE RADIUS OF THE EARTH (EFT519) I THE VALUE

$ ASSOCIATED WITH THE
G 1959 AROC ATMOSPHERF SO T4AT PP3GPA1S CURRENTLY USING
Z $ THE LIBRARY
C ROUTINE WILL NOT REQUIRE ALTEPATION TO USF THIS
C $ ROUTINE.

DIMFNSION ALM (10), DELTAB (1J), HB (i0), TMB (10)
DATA (HB(I)p 1=1, iG) f -5,, , t 11, 20,

$ 32.9 47., 52.,
1 61,p 79.9 88.74 /

DATA (TMB(I), I=iq tO) / 320.b5, 288.15, 216.65,
s 216,659
£ 228.659 27U.659 273.659 2r-.6b5 180.65t 180.65 /

DATA (DELTAB(I), I=1, if) / 1.753639 1.9
S 2,23361L - cl,
I 5.40328L - 2, 8.5o63E - -13v 1.09455- - 03,
$ 5*82289L - 04,
2 1o79718F - 04, 1@0241E - (3, i,5223E - 06 /

DATA (ALM(I), I=tv £0) 5 - ,59 - 6.5, " p,
$ 2.8, 0.,9
I - 2, - £0 , Oo9 0. /

DATA RFFT59 / 2,0855531iFL /v SZ f 9,8{6C. /9 AMZ
$ / 28.964 /
± RSTAR / 8.31432 /9 FTTO<t f 3.',8E - q4 /

o CONV.RT GEOPOTLNTIAL ALTITUDE TO SE0QETPIC ALTITUnE
ZFT = HFT * REFT59 I (I'FT59 - HFT)

t CONVERT HFT AND ZFT TO KIL3ME-TER;
7 = FTTOKM * 7' T
H = FTTOKH f HFT
IF (H .LT. -5.0 ,ORo Z oGio )090) GO TO 6

DO £ M 1, 10
IF (H - HB(M)) 2, 3, 1

£ CONTINUE
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GO TO 6
2 M M4
3 DELH H H9 H(M)

IF (ALH('4) *LQ* C.('I 40 T) 4
TMK =TM8(M) + ALJIVI) 0 * .

5R~AiIENI IS NON ZEF~v, PA;3E iG, KlJATfON I*2*IL-(3)
U.-.LT OELTA3(Ml ((T93() / TNK) **(GZ A9IZ

$/ (RSTAR
I ALM(M))))

GO TO 5
4 TM< T MR(M)

Z CPAtJICNT IS Zfi0o, PAGE l~o EQJATIOJ 1*2*10-(4)
DrLTA OLLTAE3(M) --3 GZ *AMZ OFLH/

S (; STAQ
i TMB(M)))

C '.0FNV;ERSION TO ENGLISH UNITS
t TM io1. TMK
6 RETURN

END
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SUBFOUTINE PROCOM CFAkXs TEX9 CSEX, AKFXV CPEX,
$REXV PHI, HI:X)

C CALC.ULATES THERMO GAS PROPERTIES, AIR OR JP-4/AlR
c s MIXTURE

COMMON' /WPAFFR/ ICOJ'4T
IF (FARX *LE* G*067623) GO TJ I
FARX =0.067623
WRITE (6, IOU)

IIF (TEX *GL* 3NO.) GO TO ?
TEX = 300.
IF (ICOUNT *GT. 1) GO TO ?
WRITE (6, 101)

2 IF (TrX oLE* 40000 10 TO 3
TEX = 4000.
WRITE (6, 102)

3 IF (FARX oGE. Dog) GO TO Ii
FARX 0.co
WPITE (6, 103)

C AIR PATH
4 CPA =((((((I.Jii55."E -25 *TEX - i.452677OE
$ - 21) *TEXI
I + 7*6215767E - 18) *T--X - 1.5128259: - 14) * TEX
$ - 6aTi78376E
2 -12) *TEX + 6.55L91i86:i - 08) # TEX -bo!536879E

4 - W5) *TEX +
3 2.50?0051E - P

HEA =((((CC (i.26.'.'2F'- - 25 TEX
S 2oO752522E - 22) #TrEX
I + i*2702630L - 18) * 17X - ?*0256518E - 1,) *T-.X
S - 1*6794594F
2 -12) *TEX + 2oI839825i- - 08) * TEX 299043

5 - n5) * TEX +.1]3 29512u051L - 0) r:X to i55888'E + 00
SEA = + 2o502051 - 31 *ALOGCTEX)+

I((((((i*445(J767E-
25b TEX -2.4211238: 2?1 * rrx + 195243153E -

S 18) *TEX-
2 3*7820648L 15) * TEX -292332T91E - 12) * TLX +
S 3.2759?43E -
3 08) fTEX -5.1576879F 1 5) *TSY + 4o54323305
$ 02

IF (FARX *EQ9 096) G3 T9 5
FUE'L/AIR PATH
CPF = ((C((7*2b78710L 25 TL.X - 1*3335b68E

S - 2G) * TEX
£ + le[Z±2913E -16) * T'-X- li20iiI04E - 11) *TEX
$ + 999666793F
2 - 10) * TEX -1,17?19RlU - Or-) *TEX + 1*?256630E
S -03) * TLX +
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3 7@38i6638L - n
HEF = (((((C (9*J8'03388. -6 TEX-

i i.9050949E - 21) *T'-X
+ 4' £702i525E - 17) *T[t-. - 8*.41C2?D8E its) * TZX

+ 2*4921698E
2 - 10) * TEX - 4*c;9J6332 - P?) 6TIVX + E,.293150q
$ - OL) *TEX +
3 7s3816638E - v2) * TEX + 3*05B1530E + rla

SIF + 7,381663SE - 02 ALOG(TEX) +
S ( (((((i.4382670L -
£ 2F TEX -2o2226iJ.8E -211 r EX + 2458 -

$ 17) TLX-
2 1.0 51277roF - 13) * TEX + 39,3225928E - it,) * TEX-
$ 6e8659505L-
3 u7) * TEX + 1,2258630E - 7I) TEX + 69481399E
$ Iji

5 CPEX =(CPA + FARX O PF) /(1. + FARX)
HEX = (HFA + FkRX HE.F) I (is + FARX)
PHI =(SEA +- FARX SEF) I' (is + FAPX)
AMW = 28.97 - .946156 * FARX
REX = le.9d6375 / AM4
AKEX = CPFX / ('PE-X - P:'X)
,,SEX =SQFT(AKEX fREX 0TTE'( 25031*37)
RFTURN

100 FORMAT 1 HO , b3AIN3tUT FJ;.kL-AIR ZATIO ABOVE LIMITS,
S IT HAS 3EEN
IRESETTO 3o0b7623, 6HUS )

101 FORMAT ( lHU, 35HPkJCOM T~Jr T:'PRATURE P!LOW
S 360, p6H$ST$S$

102 FORMAT CIHO , 36HPR3,;M INPJT TEMPERATJRt AROVE
S HT$$$$S

103 FORMAT 1 HO, 38HPR3COM INFJr FJFL-AIR RATIO BELOW
S ZERO,
1 6HS$$ )

C
END
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SUBROUTINF THEPHO (PX9 HX, r~q SX, AMXp rPT, GA, Lo
S FAR, K)

C *'THEPPIODUNAMIC PROPEkTIES 3fASED flN PROCON
COMMON /WPAFB/ ICOJNT
ICOUNT =1

FX P
IF (L oEQ* 1) FX = FAR
IF (K eEQ* 1) GO TO t
CALL PpkOCOM (FXV TX, GS9 kKo rP, R. PHI, HX)
GO TI) 3

ITX 40 1* H
00 2 I = It 15
CALL PROCO" (FX, Tic, CS, A(, C', Ps PHI M)
ICOUNT =ICOUNT + I
DELH = HX - '4

IF (ABS(D!ELH) *LE* O.000OI'X) O TO 3
2 TX = TX +4. * DEL'4

WRITE (6, 100)
3 SX = OHI - R 0 4LO;(PX)

AMX = 1*936375 / R
CPT - CP
GA = AK
RETURN

C
100 FORMAT (31HONO CONVEIGE4ICE EN tH-QMO$S~STSl

END
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HIIIF~~~~~~~~~~~~~~i-IF~~~~~~~~ ... . . .. . . . .. . . . .. . . . .. . . . . . . . ; - - - - . .. .- " .- ...... . ....

SUBROUTINL COMD (PI4t TOJT, HI4, FTA, OP8, POUT,

$ HOUT, SOUT,
± FAROUT, HV)

Z COMPUTES STOICHIOMETRIS TtPFlT'JRF IN COMRUSTOR - IF

C $ HEATING
C VALUE FOP FUEL AND W;:4DS AR. NOT INPUTP T4, FTA8,

Z $ OPB ARE INPUT.
UIMNSION X (9)
X(2) = 0.0
X(3) = Soo
POUT = PIN ' (I.0 - 3P ,)
HV = (((((( - *459431?-. - 19 * TOUT) -

$ a2L 341lbF - 15)
1 TOUT + o2783643&. - 11) 0 TJJT + 92(51cOIE - 07)
$ TOUT -
2 *2453116L - 63) F rOUT - ,93396 - 91) * TOUT +

$ #1845537F +
3 05

CALL THEFMO (POUT, HOLJTA, TOJT, Xi, X2, X3, X4 a,

$ e.0, C)
FAROUT = (HOUTA - HIN) f ((HV * ETAB) - (HOUTA -

$ HIN))
FARS = FAROUT
CALL THERMO (POUT, H)UT, rOUT, 33JT, Y1, Y2, Y3, 1,

S FAROUT, C)
I DFLFA? = (FAPS - FAROUT) f FAOUT

CALL AFQUID (X, TOUT, D"AR, 0e i5., ,OL'Bit .959
$ TNEW, ICON)

IF (ICON - 2) 2, 4, 3
2 TOUT = TNFW

HV = ((111 -1F - 19 0 TIUT) -

S o 20 3%116F 15i~)
I TOUT + 92783643.- it) T3UT + * 2U1501E - 07)

S TOUT-
2 ,?i;311LE - 03) r tOUT - We4332 6r - 11) * TOUT +
$ ,1845537F +
3 fv 5

CALL THERMO (POUT, H3UTA, TOUT, Kil X2, X39 X4, 0,

$ 0.0, 0)
FAROUT = (HOUTA - HIN) / ((HV * OTAB) - (HOUTA -

$ HIN))
GO TO 1

3 WP.ITE (6, 100)
4 CALL THERMO (POUT, 41UT, rDUr, S3UTv Xl, X2v X3, it

$ FAROUT, 0)
PE TURN

.Jl& FORMAT ( 46H STOICHIOMFT IC TE43 WTLL NOT CONVLRGE

$ IN C049 )
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E ND

SUBPOUTINii COM92 (PIN, T3UT, mrd, t:TAB, DP8, POUr,
£ HOUT, SOUT,

1 FAR4,9 HV)
SSIMILAR TO CO48 - HEATING VALJr- F3R IUEL It, OPTION4Lr

L USL,. MUST TNPUT T4, .:TAB, OP9, W'.kDS.
DIIIENSION X (9)
X(2) =0.0
X(3 = con
PnUT =PIN * (1.0 -3-PS

I CALL THERMO (POUT, HO3UTAP TOJT, Xl, X2, X3, X4., 09
0 .3, 0)
FAROUT =(HOUTA - HIN) f' ((HV 0 tETAIR) - (HOUTA-

S HIN)
FARS z FAROUT
DFLFAR = (FAR. - rAZSI / -A~k.
DIR z SQRT(FAR4. I FORSI
CALL AFQUIP CX, T3UT, DEL ARP Co, 20., .01,Cl fIR,

S TNEW, ICON)
IF (ICON -2) 2, 4, 3

2 TOUT =TNWW
GO TO 1

I WPITL (6, 100)
4 CALL THERMO (POUT, H3UT, rour, SDUTr Xl, X2, X3, iv
$ FAR'., G)

R17TURN
C

lug FORMAl 47H STOICHIOMETIIC TE43 WILL NOT CONVERGE
3 IN C)ME02)

ENO
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SU8ROUTINL AFQUIR (X, At1JDp IE3-JD, ANS, AJ, TOL,
$ DIR, ANEWo
± ICON)

C *** QUADRATIC CONVERGENCE ROUTINJE POR rNTFRPOLATION
C X(1)=NAM7 OF ARRAY TO USE
C AIND=INDLPENOANT VARIA8LE
6 U.PEND= UEPENDANT VARIABLE
C ANS=ANSWEcR UPON WHICH TO ZO04Va.F.GE
G AJ=MAX NUNRLR OF TRYS
C TOL=PERCGr4T TOLERANCE FOR C0NORGFNC
C DIR=DIFECTION AND PE1<CiNTIGZ' FOR FIRSTF GUESS
C ANEW=CALCULATEO VALUE OF 4EXT TRY AT r40DrPENnANT VARIAHjLF
C ICON=CONTROL =1 GO THRU -03P 6GAIN
G =2 YOU HAVE REA34ED rIT ANSWER
C =3 COUNTER 4fAS HIT Limirs
C X(2)=COUNTER STORAGE
C X(3)=CHOOSES METHOD OF CONVERG7Nr-r
C X(4)=THIPD DEPEND VAR
C X(5)=THIixO INT) VAR
C X(6)=SrCOND DEP$ENDO VAR
; X(7)=SECONO IND VAk
C X(8)=FIRST DLPEND VAR
C X(9)=FIRST IND VAR
C X(3) MUST 8L ZFRO UPON FliST E4TPV TO ROUTINF
C

DIMENSION X (9)
Y = fi
IF CANS *&Q.* 3) GO T3 t.
DEP =DEPEND - ANS
TOLANS = TOL * AN3
GO TO 2

1 DcP = DEPFND
TOLANS = TOL

2 IF (ARS(IJEP) *LE. TM.ANS) GO ro 3
IF (X(2) A AJ) 5, 69 5

3 ANE5W =AINO

X(2) 0.
ICON =2
R0 URN

4 ANEW
X(2) X(2) + Is
ICI)N
RF TURN

5 ANEW =
X(2) of
ICON =3
RETURN

6 IF (X(3) *Gr. 0)) GO TO Ift
C FlRST GUESS USING nIR
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7 X(3) = 1o
X (8) = rEP
X (9) A IND
IF (AIND) O, 9, 8

8 Y = DIP, AI40
GO TO 4

9 Y = 0 lc .

GO TO 4
10 IF (X(3)} - to) lit I, LZ

C **, LINEAR GUFSS
11 X3) 2.

X(b) = DEP
XC() = ATND
1F f.X(8) .EQ. X(6) .3y& X(9) *EQ9 XC?)) GO TO 7
A = (X(9) - X(?)) # (X(S) - X(61)
Y = X(9) - A * X(S)
IF (A8S(I(,, * X(9)) - ASS(YI) 7 7, 4

C *,* QUAORATIC GUFSS
£2 I(C4) = DEP

X(5) = AIND
IF (X(?) *EQ, X(5) 94N), K(6) .EQ* X(M)) GO TO 7

IF (X(7) sNEe X(5) *AND* K(6) ,ME, XCW)) GO TO 13
GO TO 11

13 IF (X(9) s.Qo X(5) o4A3o X(81 o] XM')) GO TO l
IF (X(9) .NEo XCS) o4AD. Y(8) oM-r X(4i)) GO TO 15
X(9) = XC()
X(8) = X(6)
GO TO 11

L X(9) = X)
X(S) = X(6)
X(3) =
IF (X(9)) 8, 9, 8

L5 F = (X(6) - XM()) I (WX) - X())
A = (X(8) - X(() - F * (K(9) - X(F.)))

$ ((X(9) - XC?)) '

1 (X(9) - Xf5)))
B = F - A (X(5) + X(7))
C = X(W) + X(S) * (A ' XC?) - F)
IF (A oEQ. 0 *AND* .M. 0) ;0 ro 5
IF (A *NE, 0 *ANDs 8 o4E, a) ;0 TO 16
IF (A oNEo C *AND* B *NE, 0) GO TO 18
Y -C/ B
GO TO 27

lb IF (C oNE. 090) GO TI t7
y :0.
GO TO 27

£7 G =" /A
IF (G oLEo 09J) GO T) 5
Y = SQRT(G)
yy= - SQUT(G)
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GO TO 22
18 IF (C oNE, 0.0) G3 T1 tq

Y - B / A
YY = .0
GO TO 22

19 0 = 4. * A Z / 3 2 2
IF (to D) lip 20v Z1

2u Y q -/ (-.'I)
GO TO 27

21 = SQRT(U. - 0)
Y = ( - B W C?. * A)) ' (1 + E)
YY = ( - B / (2. ' A)) * (1o -

22 J 4
03 23 I = 69 8,
IF (ABS(X(4)) oLE. ABS(M(I))) ;0 TO 23
J = I

23 CONTINUE
K = J + I
IF ((X(K)-Y)*(X(K)-YY) ,LE, J, n ) GO TO 24
IF (ABS(X(K)-Y) oLEo ABS(X(K)-YY)) GO TO 27
y -yy
GO TO 27

24 IF (J .GE. 6) GO TO 25
JJ J + 2
KK :K + 2

GO TO 26
25 JJ J - 2

KK K - 2
26 SLOPE : (X(KK) - X()) / (X(JJ) -X(J))

IF (SLOPE'X(J)*(X(K)-Y) o3To Ion) GO TO 27
y = YY

27 X(9) = XC?)
X(8) = X (6)
X(M = X(5
X (6) = X (M
GO TO 4

END
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